It is worthwhile noting that multivalency is a powerful design approach to increase the binding strength of synthetic carbohydrate ligands with protein receptors.
but also the distance between the side chain branched points to give diversity to the glycoclusters. The steric distribution of carbohydrate residues on glycoconjugates will affect their interaction with lectins. Therefore, two kinds of w-amino acids (b-alanine and 6-aminocapronic acid) as spacers of different length were attached to the cluster-chain unit, and diverse glycocluster units were synthesized. The glycoclusters were elongated by coupling these units (Fig. 1C) .
In this paper we report the synthesis of glycocluster 1 which makes it possible to modulate optionally the distance between the side chain branch points (Fig. 2) . Furthermore, we undertook to build a glycodendron derivative 2 using cluster-chain unit 16 as a dendron core.
Synthesis of Glycocluster First, glycocluster units 12 and 13 were prepared as follows. Removal of the trichloroethyl group from cluster-chain unit 3, which was prepared according to the previous paper, 9) by Zn-AcOH provided acid-free cluster-chain unit 4 (93%). Coupling of compound 4 with each w-amino acid (b-alanine and 6-aminocapronic acid) trichloroethyl ester as a spacer in the presence of diethyl phosphorocyanidate (DEPC) in dry DMF for 16 h at room temperature gave compounds 5 (80%) and 6 (72%), respectively. Subsequent deprotection of the benzyl group in 5 and 6 under neutral conditions by hydrogenation over 10% Pd-C afforded compounds 7 (87%) and 8 (94%), respectively. Furthermore, coupling of 7 and 8 with sugar unit 9, which is a simple D-galactose derivative 9) in the presence of DEPC as described for 5 and 6 gave glycocluster units 10 (77%) and 11 (79%) of varied lengths corresponding to the main chain of the cluster. To elongate this peptidic cluster from the C-terminal to the N-terminal, removal of the trichloroethyl group from 10 and 11 by Zn-AcOH gave the desired acid-free glycocluster units 12 (82%) and 13 (83%).
Next, for the synthesis of the C-terminal block compound 16 with respect to the peptidic main chain, saponification of compound 3 by 1 M NaOH solution in 1,4-dioxane gave compound 14 in 85% yield. Coupling of 14 with sugar unit 9 in the presence of DEPC in dry DMF gave 15 in 67% yield. Compound 15 was transformed into the target C-terminal block compound 16 by treatment with 50% TFA in dichloromethane (81%). Coupling of 16 with 12 in the presence of DEPC as described for 5 gave the trimer derivative 17 in 73% yield. The Boc group of 17 was removed under acidic conditions with 50% TFA giving a secondary aminefree compound 18, which was subsequently subjected to repeated couplings, and deprotection of the Boc group for elongation gave the desired pentamer glycocluster derivative 22 in 87% yield. Finally, pentamer 22 was subsequently treated with dansyl glycine in the presence of DEPC, and complete removal of the O-benzoyl groups provided the target compound 1 in 87% yield (two steps) with free hydroxyl groups on the asymmetric glycocluster 1 (Chart 1).
Synthesis of Glycodendron Glycodendrimers are part of the emerging class of synthetic macromolecules which first appeared in 1993. 10) They were originally designed to adjust the binding affinities of carbohydrate ligands to protein receptors. There are two different main strategies to build glycodendrimers. Two well-known approaches that are well recognized for dendrimer syntheses are divergent 11, 12) and convergent [13] [14] [15] growth. It is difficult in the divergent approach to ascertain the completeness of the conjugation and partial defects are only detectable by spectroscopic method with great difficulty because the carbohydrate portions are all added at once and at the end of the dendrimer synthesis. Therefore, we chose the convergent approach using bifunctional linker 14 as the dendron core, which was used in glycocluster synthesis.
For this approach, coupling of two equivalent dimer 16 with dendron core 14 in the presence of DEPC gave 23 in 90% yield, and removal of the Boc group using 50% TFA gave the tetramer 24 (88%). Coupling of two equivalent 24 with 14 under the same conditions gave the octamer 25 in 91% yield. The Boc group of 25 was removed under acidic conditions with 50% TFA to give the free secondary amine 26 (82%), which was subsequently treated with dansyl glycine in the presence of DEPC. Finally, complete de-benzoylation afforded the target compound 2 in 80% yield (two steps). There were no by-products generated in the peptide condensation (Chart 2).
In conclusion, efficient and widely applicable synthetic strategies in glycoconjugate chemistry have been achieved to obtain new glycoclusters. They are capable of modulating optionally not only the length of the side-chain but also the distance between the side-chain branched points. We have succeeded in the synthesis of various kinds of glycoclusters from limited and economical materials. Providing diversity to the glycocluster, a specific glycocluster library will become possible.
Experimental
Optical rotations were determined with a Jasco digital polarimeter. 1 Hand 13 C-NMR spectra were recorded with a JNM A 500 FT NMR spectrometer with Me 4 Si as the internal standard for solutions in CDCl 3 , CD 3 OD. MALDI-TOF-MS was recorded on a Perceptive Voyager RP mass spectrometer. TLC was performed on silica gel 60-F254 (E. Merck) with detection by quenching of UV fluorescence and by spraying with 5% ninhydrin and 10% C-NMR spectra.
5)
Compound 4 To a solution of 3 9) (504 mg, 1.07 mmol) in acetic acid (2 ml) was added zinc powder. The reaction mixture was stirred for 1 h at room temperature. After completion of the reaction (TLC monitoring), the mixture was filtered through Celite. The filtrate was concentrated and purified by silica gel column chromatography (chloroform : methanol : acetic acidϭ30 : 1 : 0.1) as elute to give 4 (337 mg, 93.0% Chart 2 2,2,2-trichloroethyl ester (341 mg, 0.87 mmol) in DMF (2 ml) were added triethylamine (133 ml, 0.95 mmol) and DEPC (133 ml, 0.88 mmol). The reaction mixture was stirred for 16 h at room temperature. After completion of the reaction, the mixture was extracted with ethyl acetate, washed with water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography (benzene : acetoneϭ5 : 1) as elute to give 5 (286 mg, 79.8% The following compounds 18, 20, 22, 24 and 26 were prepared according to the same procedures as described for the preparation of 16.
Compound 17 To a solution of carboxyl acid 12 (43 mg, 46.0 mmol) and amine 16 (52 mg, 37.0 mmol) in DMF (2 ml) were added triethylamine (8 ml, 57.7 mmol) and DEPC (6 ml, 40.7 mmol). The reaction mixture was stirred for 16 h at room temperature. After completion of the reaction, the mixture was extracted with chloroform, washed with water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography (CHCl 3 -alanineϫ3), 1.36 (9H, s, t-Bu 
Compound 1
To a solution of 22 (13 mg, 3.3 mmol) and dansyl glycine (3 mg, 9.7 mmol) in DMF (1 ml) were added triethylamine (3.0 ml, 21.4 mmol) and DEPC (1.6 ml, 10.7 mmol). The reaction mixture was stirred for 16 h at room temperature. After completion of the reaction, the mixture was extracted with chloroform, washed with water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography (CHCl 3 : MeOHϭ20 : 1) as elute to give dansyl derivatives (12 mg, 86.8%). To a solution of this compound (12 mg, 2.8 mmol) in 1,4-dioxane-MeOH (1 : 1) (2 ml) was added NaOMe (40 mg), and the mixture was stirred for 4 h at room temperature, then neutralized with Amberlite IR-120 (H (4H, br dd, H-2), 5.65 (4H, br dd, H-3), 4.87 (4H, br d, H-1), 4.65 (4H, m, H6a 
